In this paper, we construct a price index for broadband services in the United States between 2004 and 2009. We analyze over 1500 service contracts offered by DSL and cable providers in the United States. We employ a mix of matched-model methods and hedonic price index estimations to adjust for qualitative improvements. In general, we find some evidence of a quality-adjusted price decline, but the evidence points towards a modest decline at most. Our estimates of the price decline range from 3% to 10% in quality-adjusted terms for the five-year period, which is faster than BLS estimates for the last three years. These modest price declines look nothing like other parts of electronics, such as computers or integrated circuits, which raises many questions. The results also inform a range of policy discussions concerning US broadband services.
Introduction
What happened to the price of broadband during and after its widespread adoption by US households? This is a key question for understanding the economic gains from the adoption and use of broadband in the new millennium. At the decade's outset, only 4.4% percent of households had broadband, while most Internet-using households had dial-up. According to the latest survey of the Pew Internet and American Life Project, fewer than 10% of US households had dial-up Internet connections by April 2009 , while 63% of US households had broadband.
In this study, we analyze novel evidence about over 1500 service contracts offered by DSL and cable providers from 2004 to 2009 . We employ a mix of matched model methods and hedonic price index estimation to adjust for qualitative improvement. We look for conclusive evidence of trends, namely, widespread dramatic declines in quality adjust prices or widespread lack of change. In general, we find neither. Most of the evidence points toward modest price declines at most.
More precisely, we divide prices into three categories -standalone prices, bundled prices, or households switching between these two forms. We conclude there is no evidence of widespread dramatic price declines in any of the first two categories. Instead, we find some evidence of modest declines in quality adjusted prices. We bound it between 3% and 10% decline in quality adjusted prices in just under six years. Lack of access to (confidential) data about the market share of services prevents us from being more precise.
Two policy discussions about broadband deployment in the US motivate the question we explore, and highlight why our findings matter for unresolved issues. First, a large policy-oriented literature has emerged about broadband services, premised on the belief that the diffusion of broadband lies at the heart of considerable economic growth. US policy delegated discretion over broadband investment to private firms, under the assumption that private firms faced strong incentives to invest and improve the infrastructure. 2 Price indices can, and should, play a major role in assessing such policies. Such indices measure improvements in competitive performance in markets with few suppliers, as in broadband, and when performed properly, can deflate economic growth into real terms.
Such a broadband price index does not exist in the United States. Though the BLS maintains a price index for Internet access as part of the CPI, 3 at best it is only partially informative about the issues central for policy assessment. The BLS' index combines price data for both dial-up and household
Internet access services, using lagged expenditure surveys to weight price movements. As a result, the price for dial-up service dominates the index for most of the first decade of the millennium, which renders the BLS index almost useless for assessing the effectiveness of US broadband policy.
In addition, other issues cloud the usefulness of the BLS index for its primary function, deflating the CPI. For example, it makes no adjustment for increases in quality, such as increases in download bandwidth for either dial-up or broadband services. Relatedly, it makes no adjustment for household increase in the quality of Internet access when households switch between dial-up and broadband services, which produces something akin to an "outlet bias" when it goes unrecorded (which was common in the first decade of widespread broadband). The index also contains a misleading dramatic decline in late 2006 that resulted from AOL's behavior, further exaggerated by the lag structure in updating the index, and that event obscures what happened to broadband prices at that time. 4 That recounting of issues relates to our second motivation. Our prior paper, Greenstein and McDevitt (2009) , confronted something akin to the outlet bias in user switching behavior between dial-up and broadband. It estimates the size of bias in price indices for the Internet. We showed that Internet access price indices would have to decline 1.6% to 2.2% per year between 1999 and 2006 to account for 2 These policy debates have a long history. Greenstein and McDevitt (2009) provide a summary of many of these arguments. A full description of the cause of this problem is in Greenstein and McDevitt (2009) . Though the expenditure shares are updated more quickly than typical household items in the CPI, their updating process (every three years) still introduces a lag into its construction. That led to a misleading result after AOL changed its subscription dial-up service to an advertising supported service, a move it made after it had lost considerable market share to broadband. Following standard procedure, the BLS recorded this as a 100% price decline (or nearly that), but exaggerated its importance by using lagged market share data, as if AOL was a quarter of US households in the fall of 2006, which many industry reports suggest was not so. the consumer benefits generated from upgrading to broadband from dial-up access, an upgrade which was prevalent at many US households. However, we did not estimate the experience in prices after adoption, and that should include what could be equivalent to a price decline, namely, qualitative improvement without a change in price. A quality-adjusted price index could address this gap.
In light of such concerns, our results contribute several important new findings: First, despite rapid growth in adoption and revenue in broadband over the period we examine, 2004-2009 , the lack of any dramatic price decline in broadband rejects any claim that US policy generated dramatic change in the price of broadband services. Second, and more broadly, it suggests this market looks nothing like other parts of electronics, such as computers or integrated circuits, where the quality adjust price declines per years regularly exceed double digits. 5 That raises many questions about differences between mass market Internet services and other parts of electronics in the determinants of prices, as well as questions about the role of market structure and demand. Third, despite finding only modest price declines, our index declines faster than the BLS price index for Internet access for a period where we can make direct comparison. As with prior work on price indices for dial-up services, this finding raises questions about whether the BLS price index for Internet access provides an informative picture of price change. 7 Finally, the novel approach of this study identifies an open question that has received no attention -namely, whether the BLS index contains another bias akin to outlet bias by not measuring household switching between forms of contracts.
We are not the first to explore this topic. Interested in improving the CPI price index for Internet access, Williams (2008) estimates a quality-adjusted index for broadband prices, sampled from data about broadband prices from the CPI database in November 2006 (Williams is employed by BLS, and has access to the data for the CPI Internet access price index). After a thorough and artful statistical 5 See e.g., Aizcorbe (2006) , and Berndt and Rappaport (2001) .
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See e.g., the discussion in Greenstein (2010) .
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Prior work also suggests quality adjustment could make a difference to dial-up Internet access price indices. For example, Stranger and Greenstein (2007) did such quality adjustments for dial-up Internet access and found it made a difference to the measured rate of price decline. exploration of 135 price quotes, Williams concludes that the quality adjustments makes little substantial difference to a price index for all Internet access ending in 2006.
We cover partially overlapping years, but differ from Williams in a number of ways. Like Williams, we would like to improve BLS procedures. However, our study primarily aims to inform other aspects of the national policy discussion about broadband, which focuses attention at different issues. By comparison our estimates cover many more suppliers, a wider range of services, many more contracts, and additional later years. We also do not use dial-up prices in our final index, as Williams does. In contrast to Williams, we do find that the quality adjustment can matter, albeit, only a modest amount. We also lack the one thing BLS has: namely, (confidential) household expenditure surveys to estimate the market share of particular services, which prevents us from making a weighted index.
The diffusion of the Internet in the US
The diffusion of broadband began before the millennium, but adoption did not begin to accelerate until early in the decade. Much of this experience is documented in Greenstein and McDevitt (2009) .
Here we provide only a brief summary.
During this decade, broadband service was delivered to households primarily in two forms of wire-line service -over cable or telephone lines. Some cable firms built out their facilities to deliver these services in the late 1990s, and many-especially telephone companies-waited until the early-tomid 2000s. At the very end of the period, there was a growing use of another channel, fiber to the home. Cable modem service involved a gradual upgrade to cable plants in many locales, depending on the generation of the cable system. 9 Broadband over telephone lines involved upgrades to telephone 8
In many areas, households also had access to direct supply of high-speed lines, such as T-1 lines. This was prohibitively expensive for almost all users except businesses, and even then, it was mostly used by businesses in dense urban areas, where the fiber was cheaper to lay. Fiber to the home has recently become cheaper, and may become a viable option sometime in the future. See Crandall (2005). 9 During the 1990s most cable companies sold access to the line directly to users, but made arrangements with other firms, such as Roadrunner or @home, to handle traffic, routing, management and other facets of the user experience. Some of these arrangements changed after 2001, either due to managerial preferences, switches and lines to make it feasible to deliver a service called Digital Subscriber Line (DSL). Both of these choices typically supported higher bandwidth to the household than from it-called Asymmetric Digital Subscriber Line (ADSL) in the latter case.
Many factors shape the quality of a user's experience, such as the capacity/bandwidth of lines, the number of users in the neighborhood in a cable system, the geographic location of a system in the national grid, the frequency of use of sites with geographically dispersed caching, and the time of day at which the household performs most activities. In brief, generalizations are hard to make, but two conclusions emerge from this discussion. First, broadband gives the user a better experience than dial-up access, but there is variance. Relatedly, DSL and cable modem service differ to such an extent that proper measurement might not use the same metric or scale.
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Non-wire line services were also available over the period, primarily via satellite. These services tended to be expensive and limited, so they were very popular in locations where wired services did not exist, and not very popular outside such areas. Near the very end of our sampling period a new set of wireless broadband services began to gain market traction, primarily in the form of smart phones. Though smart phones had been available in a variety of models for many years, it is commonly acknowledged that the category primarily appealed to a business buyer until the introduction of the Apple iPhone. Recent reports suggest the Apple iPhone dominates household purchases in this product category for the time being. Since this study focuses on household price index, it will largely be unable to address this category.
When should an index begin?
When should a broadband index begin? Most surveys suggest that any price index about broadband needs to go back as far as possible into the beginning of the millennium.
as when @home lost its contract, or due to regulatory mandates to give users choice over another Internet Service Provider (ISP), as occurred after the AOL/Time Warner merger. See Rosston (2006) .
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Download speed may not reach the advertised maxima. In cable networks, for example, congestion issues were possible during peak hours. In DSL networks, the quality of service could decline significantly for users far away from the central switch. The results are difficult to measure with precision. Estimates for revenue for household broadband services also lead to the same conclusion. The US Bureau of the Census estimates revenues and publishes these in its Annual Service Survey. Table 1 provides a summary of these reports, to which we have made considerable adjustments to correct for related measurement issues (See Appendix to Greenstein and McDevitt, 2009) . 13 We expect that between 60% and 75% of the revenue in Table 1 is from households, depending on the year and access mode. The descriptive results were published in reports authored by staff at the NTIA. See NTIA (2004).
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See http://www.pewinternet.org/.
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The adjustments are for changes in sampling frame; Census does not return to historical estimates and review the sampling frame of prior estimates to make all the estimates consistent over time. 14 We came to that estimate by the following means. First, estimates in Greenstein and McDevitt(2009) , suggest household revenue for the Internet overall makes up 70% to 75% of the total revenue. Second, the FCC broadband deployment report puts the number of broadband lines to households at roughly twothirds of the total number of lines deployed. Since revenue per line for business likely exceeds that for households, it is plausible that household revenue is closer to 60% of total revenue. See 
Comparing price indices
This study will distinguish between a standalone purchase and a bundled purchase. Unlike a standalone purchase, the price for a bundled purchase accounts for joint purchase of two or more services.
To understand the difference, consider a setting in which a firm offers Internet at a price, P(Internet), and cable television services at a price, P(Cable Services), and offers a bundle of both at a discount, namely, P(both)/[ P(Internet) + P(Cable Services)] < 1. Price indices for standalone contracts will measure the change in quality adjusted price for P(Internet) between two periods. Price indices for bundled contracts will measure the change in quality adjusted price for P(both) between two periods. These different price indices may or may not move in concert. Most models of bundling predict they will be positively correlated in most scenarios, but there is no reason to expect a perfect correlation.
If the price of one good is fixed (such as telephone service), for example, then (in most models of bundling) a fall in the cost of Internet services will generate a decline in the prices of standalone and bundled services. There is no theoretical reason to expect prices to fall to the same degree in both types of contracts, however, because the decline is a function of the demand for each service and the relationship between those demands. In addition, differences in local industry structure (whether firms offer cable television and/or telephone services) could influence the preferences across different price structures.
Hence, the extent of the fall is an empirical question.
This study takes two approaches to measuring these price changes. For standalone contracts we make a price index directly from the hedonic price index. For both standalone and bundled contracts it will be possible to construct an augmented matched model index for the majority of contracts. Matched model indices take an average of the ratio of prices for last period and next period goods, where the two goods are observationally identical. We augment this standard procedure with quality adjustments for the small number of cases where that arises. These supplements come from hedonic price estimation for standalone contracts, which is the only series for which we can make such an estimate.
Will the two indices provide the same answer? The answer is close to yes when improvements manifest solely as price declines. If improvements manifest as qualitative improvement, which happens to some extent in the broadband market, then the answer is less clear without considerable detail. It depends on the rate of qualitative improvement and how firms create new services and commercialize them.
To appreciate why, consider and compare the two methods. In a hedonic price estimate, a researcher estimates a relationship between P it and X it as part of the goal to estimate qualitative change not otherwise explained by changes in characteristics of the good. In the simplest methods, known as the exponentiation method, a research estimates ln(P it ) = β*X it + ε it , where X includes dummy variables for the time of observation, namely X t . In the simplest specification, all systems from the same year are assumed to have the same rate of improvement, so the coefficient on X t , namely β t , provides the basis for estimate general rates of change relative to a base year β 0 for a system from years 0 and t.
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In a matched model method, the price for same service is compared over time. In the simplest form, the index is contracted from a weighted average of (P it )/(P it-1 ). 16 In our case we lack information about market share, so we construct an unweighted index. This simple index should give a similar result as a hedonic in a setting with no qualitative change and all prices starting at time 0. Only rates of price decline would matter in either case.
A matched model index lacks a correction for qualitative change, but one can be augmented to make the matched model more comparable to a hedonic. How to do so? In principle that could occur with an estimate for β for the characteristics of X i that underwent improvement. That would permit an adjustment to the relative price change, (P it )/(P it-1 ) at the same time as the qualitative improvement. Such augmentation accounts for qualitative change in the same proportion as a hedonic price index.
That adjustment leaves one factor uncovered, however. Each new entering service in a matched model index must be integrated into an index. In most matched model indices a new service at time t starts with the assumption that the index has the same level as the broad index. In other words, if the index reaches 100 at time 0 and reaches 97 at time t, then the new service is added to the old index as if all price changes in that new service are equivalent to 97*(P it )/(P it-1 ). That will not produce any meaningful difference with a hedonic index, if the X t for the new service at time t is close to the average for all other services. By similar reasoning, a matched model will tend to be faster (or slower) than a hedonic estimate if the majority of new services tend to be introduced at qualitative levels less valuable (or more valuable) than those typical for the hedonic surface at time t. There is no theoretical reason to expect this to go one way or another. 17 It is an empirical question.
The potential for another outlet bias
Our approach leaves a gap in our price index. So too do standard BLS price methods. The gap arises because standalone and bundled contrasts arise from four general categories of channels for purchasing broadband services. In this time period these channels are:
(1) Households buy only DSL or Cable Internet from a supplier, and nothing else.
(2) Telephone companies sell telephone services and Internet/DSL, and a household buys both from that firm.
(3) Cable companies sell cable television services and Internet, and a household buys both from that firm.
(4) Cable companies sell cable television, telephone and Internet services, and a household buys all three from that firm (e.g., a "Triple Play" bundle).
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For a similar intuition with quite different causes in the context of the entry of generic pharmaceuticals, see Cockburn and Griliches (1995) .
A standalone purchase arises in three circumstances. First, it arises when a household falls into category (1) above, and by definition, the purchase is standalone. Second, it arises when a household falls into categories (2) and (3) above, but the vendor prices the Internet service as if it were a standalone item.
This occurs for many reasons, such as regulatory restraints on a telephone company's pricing. It also can arise for simple marketing reasons, such as an assessment at a vendor that bundled pricing is not worthwhile.
Anecdotes suggest the first three groups were very common at the start of the decade in the US, as were standalone pricing. Industry watchers believe the fourth became increasingly common in the latter part of the decade. The data we present below is consistent with this premise. That is, in PointTopic's data we see vendors attempting to offer bundled contracts in the middle of the decade, but it is not very prevalent. We observe increasing frequency after the last quarter of 2006, both "triple play" contracts combining cable, Internet and phone, and other forms of bundling combining Internet with one other service. From this pattern we infer that it is likely that household purchase of bundled contracts also increased in the latter part of the decade.
The latter behavior produces an issue for standard price indices. If a price index follows standard BLS procedures, then it will do a good job in a few scenarios, and a poor job under one scenario. Here is the good scenario: A quality-adjusted price index will serve as a useful deflator for household broadband expenditure when households begin their purchase with a standalone or bundled contract and retain that type of contract throughout the period. In brief, standard procedures measure the price change when households persist in their economic choice. Here is the problematic scenario: A quality-adjusted price index will mismeasure price changes for households who begin their purchase of broadband services with a standalone contract and switch to a bundled contract. The latter is due to a well known problem with standard BLS procedures, and goes by the label of "outlet bias."
Here is an intuitive explanation why. Consider a household that switches between standalone and bundled contracts. Such a household gets a one-time gain from the discount on the bundled purchase. If the price index operates according to standard BLS sampling procedures, then it continues to sample price changes in proportion to lagged choices. As a result, it misses this switch, oversampling standalone contracts in comparison to (less expensive) bundled contracts.
In general, BLS could collect such information, but only does so with a lag. 18 We also do not have such information in this study.
This gap ought to be modest in any given year, but could add up over time. To appreciate these points, consider the following example (once again, based on common experience This argument has several implications. First, it suggests that BLS' procedures, as well as those we use below, will do a reasonable job measuring price change for any new adopter who begins with a bundled contract; Second, the problem of outlet bias is likely to be most acute for early adopters of broadband services who later switched to bundled pricing. Because many households adopter broadband in the first half of the decade it is possible for the issue to be large, and there is no way to know without more detail; Third, total prevalence of bundled contracts alone provides an upper bound on the issue, since measures of total prevalence combine both new adopters and old switchers from standalone contracts; Fourth and finally, the size of the bias is an empirical question, and it depends on both the degree of discount between standalone and bundled pricing, as well as the extent of switching among 18 BLS samples contracts based on the frequency with which households purchase that contract. It then gets price data from the firms who offer those contracts. It generates a resample every several years. That procedure will overlook any household gain from a switch in channels.
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The intuition is analogous to the switch between dial-up and broadband Internet, as documented in Greenstein and McDevitt (2009 
Data and Method
We looked for available data, and it led us to favor the data at Point-Topic, a consultancy based out of London. Point Topic covers broadband access back to at least 2002 for many countries. The company also claims to distinguish between household and business users in its adoption/price data, which is another key detail. In general, the data about US adoption and revenue from Point-Topic do not substantially differ from the prior estimates for the US.
Note the key strength and limitation of Point-Topic's data. These data are a consistent source across years. Definitions remain consistent, and so do reporting standards, which permits meaningful comparisons over time. Nonetheless, Point-Topic must make some estimates about quality and prices, as would any analyst in this market, particularly for poorly recorded variables, such as maximum bandwidth capabilities (e.g., speed). If there are big errors in Point Topic's estimates, then the fixed-effect estimates (below) ought to take care of some of the issues, provided the errors are correlated over time within firm.
Point-topic does not have data on the market share of services, its main weakness for our purposes. It provides data about the total number of subscribers to a company's services, but we would have to make arbitrary assumptions to infer the market share of particular services from these reports. Table 2a provides a summary of the sample we analyze. We first start with Point Topic surveys on broadband providers in the US. Ideally, the data obtained from Point Topic should include only residential plans and their prices for existing customers, which will focus the index on the prices for recurring services. However, Point-Topic goes to great lengths to include virtually every plan available, and their policies are too inclusive for our purposes. We adjust the data in the following manner:
Constructing a sample for analysis
First, we divide the data into DSL and cable service. We further divide the data into standalone and bundled pricing. We do this manually by identifying plans with "double" and "Triple" in the names, or in setting where the firms explicitly explain what they offer. For example, if the name says "TV+Phone+Internet", that plan is assumed to be a triple play.
Second, we looked to exclude observations that provide misleading information about recurring household expenditure. We manually check the plan names and exclude all business plans. For example, all plans with "business" or "office" in the name are excluded. Multi-lined plans are also eliminated from the data set for the same reason.
Third, we exclude plans that appear to be temporary experiments in marketing. More concretely, we only keep plans that appear in more than one reporting period (namely, three months). Relatedly, this issue appears to be particularly acute for standalone contracts, so for such data we keep only plans that appear in at least two adjacent years. 20 In addition, we made sure that the recorded price is the actual effective price, and not the introduction rate. For example, we exclude all plans named with "Intro" or "Lite". Furthermore, we also remove a few plans with unrealistically cheap prices, which appear to be typographical errors.
That leaves us with 365 standalone cable contracts and 660 standalone DSL contracts, as stated in Table 2a . For bundled contracts, similar procedures resulted in 303 cable contracts and 267 DSL contracts, as stated in Table 2a .
We inspected the bundled contracts and found the data too thin for our purposes prior to the fourth quarter of 2006. We also had to remove many observations after 2006 with incomplete information or without a complete match. That resulted in 208 bundled cable contracts, and 194 bundled DSL contracts for analysis. Table 2b For the statistical analysis of standalone contracts, we take the result of table 2a and we trim the data further. We observe that data before 2003 is too thin to support statistical estimation of any sort, so we keep only residential standalone plans appearing in or after 2004 (including those that matched with other contracts in 2003). We then remove outliers. We find the 95% highest price in any year. All plans with prices below or at 95% are in the "trimmed data set". Inspection of the eliminated plans suggests this is a good approach. The eliminated plans are mostly DSL, mostly from Speakeasy.net, and they all have very unrealistic prices of more than $150. Their names usually contain "SysAdmin" or "Gamer", indicating they were unlikely aimed at a typical household. Those procedures resulted in 269 standalone cable contracts and 536 standalone DSL contracts. Table 2b shows the median download bandwidth for the contracts in that sample.
21 That informs Figure 1 , which illustrates three points. First, the median download speed increases over time in our sample. That is consistent with perception in the industry that bandwidth has gradually increased over time. It also reinforces our core motivation for having procedures for adjusting prices for quality. Second, the features of stand-alone contracts can differ from the features of bundled contracts in overlapping years, so it is important to try to correct for such characteristics in estimating prices. Third, cable download bandwidth tends to be higher than DSL download bandwidth, as represented by these data, which reinforces concerns that the relationship between measured bandwidth and price differs between the two services.
We next count the number of standalone plans observed in each year, and show this in Table 2c .
To be clear about the definition of these numbers, if a company has only 1 plan but this plan appears The median download speed for bundled contracts from cable firms in 2007 begins at a mildly higher level than standalone contracts from cable firms in the sample for that year, as shown in Table 3a . By 2009 the situation is mildly reversed. The median download speed for bundled contracts for DSL firms in 2007 starts at a lower level than standalone contracts, becoming the same in 2008 and 2009, as shown in Table 3b.   Table 2c makes clear, we have data from all years, but it is slightly weighted towards the latter half of the sample years. Table 2c summarizes location information for standalone contracts. We gathered this information from Point Topic reports and Seamans (2009) . 22 After that, we create a series of dummies, one for whether a firm has presence in California, other parts of the West, the Midwest, the Northeast or the Southern US. 23 The latter is omitted. The dummies are not mutually exclusive. A company may have presence in multiple locations. The dummies are proxies for a variety of regulatory and economic factors shaping costs in different regions, and, as we will show, the information will not be very useful. The estimates using company fixed effects will supersede the estimates using location. the sake of consistency with our procedures, we include these low observations. To test for sensitivity to their inclusion, we will run a series of statistical tests. Generally, we find that a few observations such as this will not shape our results. We located the presence of a company in Point Topic's reports. However, many times Point Topic records only the name of the town, and we use our own judgment and other information about the firm's strategy to decide the state. If no information is available in Point Topic, we further look at the company website and search for press releases. We also contact some firms directly and asked sales representatives. The median DSL prices in Figure 2b highlight the same overall conclusion, albeit different challenges as well. The median price for 3000 download bandwidth in 2004 is just above $50, falls over time, rising again. There are no prices for higher bandwidth until later. Again, these come from different firms in different settings. They reach levels that differ from cable prices. No simple answer will suffice.
Hedonic Estimates for quality adjustment
We experimented with a series of regressions for estimating quality adjustment over time. We present seven different regressions, and this is sufficient to illustrate the variance in the data. Model (1) presents our baseline regression. It regresses the log price on log Upstream and Downstream speeds, year and location dummies. Though we estimated more than seven additional models, the next seven are sufficient to illustrate the robustness of our estimates. Model (2) presents a Quantile regression at the median, using the same variables from Model (1). In model (3) we add company dummies to Model (1), testing for the importance of measurement error correlated within firm across years. Model (4) presents a translog specification of Model (1) to test whether this specification shapes the time dummies at all.
Model (5) and Model (6) split Model (1) it into two sets of years, 2004 and 2007 -2009 (7) regresses the level of prices on the same variables as found in Model (1). Model (8) adds one variable for the first year of a new service, testing for type of pattern that could produce differences between a matched model and hedonic index.
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The baseline regressions have statically significant estimates on all control variables, such as bandwidth, and location. These estimates also demonstrate the merits of separating DSL and cable modem regressions. Virtually all the coefficients differ between the two regressions, rejecting any test of equality between them. 26 We elaborate on the results in the baseline regression, because these results tend to arise in virtually all the additional specifications. It shows that both upload and download speed play a role in pricing. In both DSL and Cable prices, higher bandwidths for both up and down lead to higher prices, as expected. Both can make a large difference in the price of bandwidth. For example, at the mean of the data doubling download bandwidth leads to a 26% increase in price of cable modem prices, while doubling bandwidth leads to a 6% increase in price for DSL service. Upload speeds also matter. Doubling upload bandwidth increases cable modem prices by 11%, while doubling DSL upload bandwidth (which is a rare occurrence in practice) increases price by 32%. These estimates are plausible and within the range of variance found in this data.
Also recorded are the number of observations and R2. For median regression, the reported R2 is Stata's pseudo R2=1-sum_adev/sum_rdev. Location also plays a role, with the Northeast appearing to have lower prices than the rest of the country. This could be interpreted as evidence of lower costs affiliated with serving denser locations, as typically found in the northeast. However, we hesitate to interpret these controls too strictly, since firms may be in many locations. In addition, firms have many other characteristics, so the estimate also could arise from an endogeneity bias affiliated with location, namely, the "type" of firm who tends to locate in the Northeast (in addition to potentially elsewhere) has lower costs than those who do not locate there for unobservable reasons. Tests of the coefficients with firm fixed effect will take care of these concerns. According to Point Topic's reports, the price for RCN's lowest quality broadband plan involves (384 upload and 1500 download) increased from $23 to $38. The next tier (384 upload and 5000 download) increased from $33 a month to $48. The next tier (800 upload and 10000 download) increased in price from $43 to $58. The highest tier (2000 upload and 20000 download) increased from $68 to $83. That is, respectively, a 65%, 45%, 34%, and 22% increase for 4 of the 16 cable contracts. change between periods. Moreover, the number of price declines and qualitative improvements exceeds the number of price rises, but only by a small number. That still leaves room for improvement through the introduction of new services, but it also suggests that any estimate of the changes between periods is sensitive to actions from a few contracts. For a similar reason it also is not surprising that the index has large standard errors, and that it moves different amounts and in different directions one period to another.
The columns show a variety of experiments with distinct specifications. Median regressions in column (2) are qualitatively similar, suggesting outliers have not played a major role in the benchmark estimates. The time dummies estimates are only modestly higher. The estimates with company fixed effects in column (3) are qualitatively similar for the cable prices. The results further reinforce the finding of no change in prices for DSL. Column (4) includes a Taylor expansion of bandwidth as a control, and finds time dummy estimates quite similar to the benchmark.
Columns (5) and (6) split the sample into two time periods, and present the most interesting differences with the benchmark. By standard statistical tests, this split is superior to imposing a uniform specification across all years. We do not dwell on that finding, however, since the inference about change over time does not differ qualitatively. The aggregate estimated decline in cable prices is still quite modest, with a 14.7% decline over 2004-06, and with a 12.3% increase over 2007-09. Depending on specification (not shown), we estimate the decline between 06 and 07 at 10% to 13%, so the total decline over the six years closely resembles our first benchmark, at around 14%. The DSL estimates show modest price changes, similar to the 6% in the benchmark and not statistically different than zero. Column (7) estimates the benchmark on price levels in the spirit of illustrating that the specification really does not shape the inference. The total price decline is just over five dollars for cable modem service. The estimated decline is near three dollars for DSL, albeit not statistically different from zero for DSL. Once again, we conclude that these are quite modest for six years.
Finally, column (8) reproduces the basic specification with the addition of one variable for a new introduction. This new variable equals 1 during the first year of a service, and zero otherwise, for all services introduced after 2004. Recall that we estimate this on a sample that already removed many "introductory prices", which tend to have a very short life before the user must upgrade to a yearly contract. So this coefficient measures the tendency of a new service to enter above or below the existing hedonic surface. In both the DSL and cable regression the coefficient estimate on this new variable is negative, but statistically insignificant. That reduces worries about major systematic measurement errors for new services, but does suggest it is possible for the matched-model index to differ from the hedonic.
The starting point of the data provides another illustration. It is almost $49 for cable on average in 2004, and $58 for DSL on average in 2004. While cable prices decline in nominal terms over the time period in some years, by the last year the sample average is higher. DSL prices largely do not change in the sample. However, our estimates can adjust those results for the quality of services. Cable quality improved as much to be equivalent to a 14% price decline, while DSL's was equivalent to a 6% price decline. That is approximately $6.85 and $3.50, respectively, if we take the point estimates on face value -which ignores the lack of statistical significance for the latter estimate, and, in both cases, ignores a standard error affiliated with forecasting.
Overall, the estimates in Table 4 present a consistent picture. The benchmark estimates for change in prices vary only slightly with different specifications and type of variables we use as controls.
We have experimented with other specifications and controls and reached the qualitatively similar conclusion. 28 We conclude first that there is little evidence of widespread quality adjusted price decline in this series. If anything, the estimates point towards modest decline. We also conclude that the benchmark estimates are sufficient for purposes of illustrating price change over time. We will use these below.
Price indices for standalone contracts
From the benchmark regressions in table 4, we calculate three types of indices of the standalone data: Laspeyres, Paasche and Fisher, and present them in Table 5 . We also use different weights. The first 28 This is not surprising, since the fixed effect estimates do not qualitative differ from the benchmark. We also tried specification that included size of firm, size of customer base, number of offerings for the firm, as well as vintage effects. The estimates in Table 3 are representative of the findings. weight is taken from Point Topic reports, for all companies that we have information about. We simply aggregate the user data at service level (Cable or DSL) and by year, then weight the price changes from DSL and Cable to construct an aggregate price index for all broadband. Actual usage data only contain Q1 2009, so we project the whole year based on this first quarter. The second weight comes from FCC estimates for cable and DSL lines. 29 We use the June statistics, since they The simplest method of calculating the indices is to exponentiate the year dummy coefficients from Table 4 , adjusting the estimates for bias (see Berndt, 1991) . 30 The results using the point estimates are presented in Table 5a . The price index does not vary with our weighting scheme, which is not surprising, since quality adjusted prices decline very little. 31 Indeed, it is quite obvious from the standard error on the estimates, but if we were to use the lower bounds of these estimates, then the price index would hardly decline at all.
In general, we find modest overall price declines from the point estimates, consistent with the estimates in Table 4 . We find overall price declines of just over 10% for just under the six years. Close inspection shows that most of the decline comes from the decline in quality adjusted prices in the cable modem services. The lack of price decline in DSL services tends to damper any aggregate price decline, irrespective of the weighting scheme. 32 Indeed, these estimates are probably too high. If we had set the rate of price change in DSL to zero -reflecting the lack of statistical significance (instead of using point estimates) -the aggregate estimate would have been mildly lower. See the FCC website: http://hraunfoss.fcc.gov/edocs_public/attachmatch/DOC-292191A1.pdf, accessed December, 2009. We experimented with both Table 3 and 4 and found the definitions did not matter. The paper shows the data from Table 4.   30 With imprecise estimates such adjustment can be significant, though it makes only a modest difference in this case. 31 Laspeyres, Paasche and Fisher indices could give quite different results with data on better market share, but the method used in the baseline gives every contract an equal weight, so this use of market share makes little difference. 32 We experimented with a variety of estimates, including those shown in columns (2), (3) and (4) and generally got the similar results. This is not surprising, since the coefficient estimates are so modest.
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This is not a surprise. DSL comprises a bit over a third of the users, but the point estimate falls at about half the rate of cable modem services. Hence, setting the rate of price decline in DSL to zero could not diminish the aggregate rate of decline by much.
We performed one other robustness check, comparing a matched model with the hedonic results.
If measurement errors are randomly distributed, then including or excluding observations will have no major effect on the results. Because matched model indices are potentially sensitive to the starting point in the series, and the initial hedonic results suggested a systematic tendency for the first entry in a series to be lower, we worried that measurement error was not random. To test for this concern, we considered "starting the series at the second observation" for many cases when he had reason to worry that PointTopic did not (or could not) record precise information about the service as it was introduced.
34
Eliminating the most worrisome cases resulted in a slightly smaller sample, 235 cable and 498 DSL contracts. We estimated the same set of hedonics regressions as above, and found the qualitative inferences from the regression results were essentially unchanged. Table 5b shows the augmented matched model indices for the bundled contracts. Matched model methods worked for 382 pairs of contracts, out of the 402 examined. For twenty matches of bundled 34 Anomalous changes in characteristics of a service were good clues of this potential issue. For example, in its first year a service might be listed at 1536 download bandwidth and 1500 thereafter. The change would produce an effect on price indexes, but it is due to measurement error. In a few cases this resulted in the elimination of a few series of contracts and services that the supplier eliminated quickly after introduction, possibly because they did sell especially well. contracts we observe different download or upload speeds. In that case, we infer the price-equivalent value of that qualitative change from the hedonic estimates, and then calculate the new implied price ratios, adjusting observed prices accordingly. As noted earlier, due to thin data availability, we calculate these only from 4Q of 2006 to the second quarter of 2009. We assume 2006 is the base year and make quality adjustments for 2009 similar to those for standalone contracts. Table 5b calculates indices with different approaches to providing weights, using the same weights for the same years as in the construction of Table 5a . In general, these weights do not matter because the price declines over the period are quite modest, lower than those found in the standalone contracts. The total price decline is 1.4% or 2.4% for the eleven quarters from 4Q, 2006 to 2Q, 2009, depending on weight.
Price indices for Bundled Contracts
Point-Topic identifies the number of users for the largest firms, so we also recalculated a price index for just these firms. Since these firms provide services for the majority of users, it provides clues about whether the majority of users experienced faster or slower price decline than measured by our index. This procedure has a major drawback, namely, it depends on a small number of firms, and it leads us to exclude observations from many firms, especially in 2007. Unlike Table 5b , we calculated the average rate of decline for each firm, then weighted by the number of users for that firm. We found similar rates of price decline for cable firms (just over 2%), and high rates for DSL (just over 9%), which results in a mildly faster rate of price decline together.
This finding does not alter our overall conclusion, but it does raise an open question. If DSL users of popular services may have had a mildly better experience than our estimates indicate, then reweighting with better data about market share could alter the aggregate index, making it mildly higher.
Interpreting the price indices
Proper interpretation of Tables 5a and 5b requires care. Both tables show a modest price decline from the starting level in nominal terms. In real terms, however, the decline is more substantial, as the price of broadband Internet declined during a period in which the aggregate price of goods was increasing between 2-3% per year. From this we conclude that households who began their broadband experience with one type of contract experienced a mild price decline after adoption.
However, Table 5b does not provide a complete measure of the gains to a household who first adopted a standalone contract and replaced it with a bundled contract. As noted earlier, our estimates cannot account for the size of the gains from a switch between channels. Doing that would require information about prices of broadband and prices on the other components of the bundle, including telephony and cable TV services without Internet. Those data requirements exceed the information provided by Point-Topic.
Such information does exist in (confidential) household expenditure data and pricing data, which BLS could collect for its own price indices. However, the standard BLS procedure does not use the expenditure survey to identify bundles of services commonly purchased by households.
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In addition, we cannot properly apportion price changes in the bundle to its individual components without further estimates of the relative elasticities of demand for each service. Because we have evidence of a recent price increase in standalone prices during a period of decline for bundle prices, we hypothesize that firms are exploiting the relatively inelastic demand for broadband Internet by bundling it with a product with a relatively more elastic demand, residential phone service. This further complicates an analysis of broadband price changes, and is an issue which requires additional study.
With these exceptions and important caveats in mind, we compared our index to BLS' Internet index. The index in January, 2007, is a good place to start for such a comparison, since the index no longer contains the results of AOL's pricing decisions for its dial-up services. We expect our index to move faster than BLS's because we include some quality adjustment. Indeed, this is what we found.
Another potential source of such data also fails to settle the matter. The CPS supplement, which was collected every two years and yielded data for the well known NTIA (2004), stopped collecting expenditure data after 1999.
BLS' index suggests there has not been any such large benefit going to households. As expected, the BLS index displays slower price decline than our results. Indeed, over nearly three years, January 2007 to November 2009, the index increases by 3.1%.
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This comparison is not ideal, but it is suggestive. The broadband prices must comprise more than half this index, but the exact percent is confidential, so we cannot be certain how much of the price increase comes from broadband prices and how much comes from dial-up prices. However, it is easy to make an educated guess because dial-up vendors faced sharply declining demand for their services during this time period, which should have depressed prices. We safely conclude that this three year price history could not arise if there were large price declines in broadband services, irrespective of whether these are standalone and bundled contracts.
Summary
In this paper we estimated the size of price declines in broadband service in the United States between 2004 and 2009, using more-extensive data and methods than any other research to date. We divided the price changes into three categories: standalone prices, bundled prices, and households switching between these two forms. We found no evidence of dramatic price declines in the first two categories. We found some evidence of modest price declines.
Our evidence points towards, at most, a total modest decline in broadband prices after adoption.
We place the price decline at, perhaps, as much as 10% decline in quality adjusted prices over a bit more than five years, or under 2% a year in nominal terms. In real terns, however, the declines become more substantial, at nearly 5% per year. A lack of data about market share makes it impossible for us to say more with much precision.
Our results contribute several important new findings to policy discussion. First, the lack of any dramatic price decline in broadband rejects any claim that US policy results in dramatic quality-adjusted price declines in broadband services. Second, the results suggest this market looks nothing like other parts of electronics, such as computers or integrated circuits, where the quality adjust price declines per years regularly exceed double digits. That raises many questions about differences between mass market Internet services and other parts of electronics in determinants of prices, as well as questions about the role of market structure and demand. Third, despite finding only modest price declines, our index declines faster than the BLS price index for Internet access for a period where we can make direct comparison.
This finding raises questions about the BLS price index for Internet access provides an informative picture of price change.
Our findings also raise an open question about the economic gains to households from switching between standalone and bundled contracting forms after adopting broadband. These gains do not play a role in standard price indices for Internet access. Properly estimating them requires information about the extent of the discount and the prevalence of the switching among experienced households. For BLS to properly estimate such switching it would have to sample household expenditure at greater frequency than every three or four years, as it presently collects. Notably, this example adds to a growing list of examples which underwent a rapid change in a short period of time -such as dial-up Internet access, pharmaceuticals coming off patent, personal computer -where frequent surveying would have measured gains more accurately. 
